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Introdllction

The laboratories for normal and for supcrconduct -
inq inductive energy storage of the D. V. Cframov Sci
entific Research Institute of Elcctrophysical .Apparatus
(NIIEFA) are presently concentrating their efforts on
producing coils for the new Soviet 2-5 TeV ring accel-
erator and producing coils and switches for the newest,
largest Soviet tokamak “T-1OM.” Designs for “T-1OKI”
must be complete by early to mid-1978 and operating
hardware must be delivered to Moscow by mid-1979. Al-
though the Efrcmov Institute has an ongoing program of
general rescorch into inductive energy storage and
switching, present efforts have become focused onto the
practical task of making “T-1OM” operational.

Superconducting Inductive Energy Storage and Switching

Although superconducting energy storage devices
(If convc,lti onal design have been produced at NIIEFA,
an innovltivc .icsign utilizing J pair of coils is pres-
ently being built, The coils will be charged in series
and i.liscbargcd in parallel, analogous to a Morx bauh.
Ihc aim is to protiucc a compact superconducting systcm
capable of w 100 kA output current. A worh+ng model
should be tested by the end of this year.

A second innovative design is th~t of miniaturi-cd
superconducting switches. 1 These dcviccs qrc b~lsic,lll!

25 mm wide Sb-Ti fo,l of w20 um thickness folded hock
and forth 150-250 times over a length of ~ 100 ITIM.
Glass fibrc clo~h insulates the layers und the units
are potted in epoxy resin. Altllougb these switches
have a relatively high resistance of 20-25 0 ctacll,
tbcir smell si:c allow!: them to bc lltil~. ed in parullcl.
Worhing currents pcr unit ~~re on tllr order of 2-3 hA.
Qucnchillg is presently done by mc:llis of an overcurrrnt
pulse, but much work 110s been done on the tcchniq(lc of
magnetic field quenching with its :Ldvantogt of ~lL~ctri-
c;ll scp;lrlt ior] or the qucl]cl~in~ circui t from the m:lil]

circuit. rhc di fficul tics of field quvnclling arc the
shielding cff~cts by LIIC outer l~ycr< of s~ll~c,rc~>!ldtJct(lr
of the int~~)ior of the, switch,

Tllcorctic;ll stud ics2 arc prOcccclillg on Je.siglls for
sup~~rcollductin~; inductive cncr~y coils kllich IIJLJ,. no

cxtcrlltil fields, fields hl]iull Wotild pc,.t[lrl) di:l~;l(lstic
and control equipment ul)d wnst~~ cncr~:! througli cd(!v
currents indtlccd in nrarl)! col)fl~lc,tors, TIIcrc ;)l)p(~nrs

a strol]g fL,cl illg ,Imonl; Sovi~, t sc icnt ihts th:~t t“or
large flls ion rc~;lct(>rs SLICII fic.ld-frc.c cl)cr~:y stor.l~c
indu<’tors arc IICCC:Sary. OI)t imi:~ltiun Culctll:ltiolls
h~vc IcI-I to :1 dc~sign consistin~ (IF conccrltric L,l I il)s,)i-
dal coii IJoirs, An C’.kllC1rlIIIL>I1t:ll lmdc>l iS I) I;l II IILY! for
next !,c~lr,

At ttlr ll~cscllt tlm~i CL;!4L)llti:lll)’ tll(, c!lti~c. ~ffclrt

of the sullcr cullduct in!! lilll{]riltnrJ. :lt N1 ll:l:/\ 11,1s l)~~~,n
divcrt[d tn two projccrs, (u) tl](~ mal;llct< fur tllc
2-5 TcL ring :Iccclcr:it[)r for .ScrllLlhnv 01111 (b) th~. to.

roid,ll fi[ld coil< t-[lr tllc ““1’-10 II’” tol,:lm,lh. Ill tll[.
Iottcr llrt)~c,ct tlll~ f1r5t [lrol)l~wl is scl[~~.t i\ln [)! thl,
s!lpcr<,ondll~,r in~ !m:]tc~ri,ll Fnr tl](, toh:ill,;ih c(1 i 1 ,< .} “1’11(,
second llr(~lllcm is tllc s(~luct inu of circ(ll(ltill}! (lr im -
mcrsiorl C{)(J1ing (If (Ilc cuils, ‘1’11(.“T-lll\l” cc)i Is [Ir{,

—

*l\’f)rk l),lrt i~. i]liltL~{l ill dllriTIJ: :1 Ih-w(, ,,k :s<.it~llt i I“ic c~x-
~’ll:lll!i,~ vi < i t III1(Ic,I’ tbc :Illsll i~.[,$ [If t I1(J IJ. S, I:llcrxy 1{~~
Sc,;lrcll :111(1llcr{~lf)llmt.llt ,Admllli str(lt itln,

presentl)r cn}risioncd as 24 coils of four pzncakcs each
with total stored energy being 540 KLJ. Skitch{ng will

probably be some version of the minluturizd switches
described ahovc.

Normal lnd~lctive Encrgv Storn:c and Swirching

For sevcrol years now work has been prorccding at
Niii:FA on a large, 20-M.J inducfive energy store (11-20),
possibly for powerin! a O-pinch fusion experime,lt. Al-
though the inductor itself (called IN-20) h.ls yet to
be built, much work has gone into development of the
switches for the 11-20 device. ‘Mlkc” swit(:hcs of
sparh-g~p or contactor type arc not hcing considered
as all designs are aimed at breaking currents from iJl -
ductive sources.

11-20 hils a three-stage swltci~ing :Lrr)ngcmcntwhich

will consist of (1) pneumatic rheostat (to reduce the
current level), (2) a nonline~r resistor (to shape the
current to better match load charactcristlcs) , and (3)
an explosive breaker (to finally intcrr\lpt the current).

The pneumatic rheostat is hosically a coil made
of flat brass strip with a circullr wiper moving down
thruogh the cylinder. Axial travel of th(,wiper is
4 cm, whicll occurs in 5-10 ms with air pressure of
10-15 ~tm, []c~tri~~l rc>istallce variL~s from ~ O tO

20 $7, with o resulting current r~dll~-tinn fa~lOr Of ~~o.

TIIc nonlin~tlr resistor is simply ,1 high purity
iron cu]ldL] tor coulcd to 1.?/. tcmpcratllrf and then, with

passo~c of current is ptissivcly hc:ltcd to about bOO° C.
F.esist:lncc varies from ~ 50 m!] to 3.5 !1, a factor of
m 70. The resistive unit I]as alrcacly ~onc through sev-
eral design improvements.

Tne cxplosit’e sh, itch is csscntiolly a set of inter -
n:llly .stcll]lL~d steel rin Ss stock ccl aro(lnd a conduct ing
tulle , WhiLt) it SL>lf iS filllk! Wittl ]l;lr:lffill, Oil, ~lld [1
strill R (If exl]l[lsivc~. Witll tllc deton:lt inn the cancl[lct -
ing tlll)L~ is driven OUt WarLl :Ind c~lt into succcssl~cly
dit’fc~rc.llt diomrter rings. I’ilroffin ptlshcI_I in b(llind
the lurg~~r rinl:s elcctricall~ srill L: tl](. hro Lcn rirc( iit
und IIrc,vc,nt.s :Ircs from clcvc.lollirl;, A rurrunt of 150 L.,\
:lt 45 hi’ bn< bCLVl int CrIIlpt Cd ill N tiMr Uf ~(1 u+, l?i~llll!

:In cncrg!, of w 1/3 Ml l)csigll p:lr:unct[, rs call t’nr cur-
rt.nt~ 111) tn \ 2[)(1 h,\ a!]d cn~>r!i~~s of ‘I, 1 !.LJ.

A sccon,l tyl)c of (~xlllosivc switc!l rc?ccntl) dcvcl -

op[’[1 ~lt S1 11’1\ c[lllsist+ {)t’ ~1 ~.ylilidri~,ll rod of ~i,lt~.rcd
p(lW(l[}l-(>[i L[>lld(l(’t(, r UIILI ]~[,li’d(rl.(1 Ckpl[l<iv(>, @’1’~’r POW-
d~, r !< nli\cll bitli 1[)[)-micr(~n ~i;c gr(l ins of (~x[~lnsivu
mat t,ri;ll ill o r:lt io of 50”,, -5[)”, 11)’ vol(nuc , or !10”,- 1o”,, hy
wci~llt rbL. lmixttlrl, is :I]lnc;iltxl in Ily(lrt)gcn :It 3tl[J°C
(Ind rbCIII s int~,rt,d ,It SOOO iltm I)y cnllvt,nt ion:ll pt.hcll~r
nl~t;ll lllr~)’ tL~L.blli[{llC5. ‘1’11(.r~d is dct~,ll;ltcd Jn(l s~~lf-
dcstr(l(.t~. ;It tllc :ll,[lr{lllrl;ltc m[mlcllt intc~rrullt in~ tlll~
c~lvrc~llt l{[!:iSl:lllL’L~ 0[” tlll~ rod iS h I!)[) Ui~/Lm. A tt, >l

firin~ nt” il mt](lcl illtcrrlll)tcd tll~~ LU1.I’Cllt in Ill lIs,
il f-t (~r \{lli L.11 t i],)<> :1]1 %11.L. d[.~[%i~~l,{>{! Ihyl L~ndill~ 011 tll(.

<Crllc. tllrla or tll(, (I(%Y, L.C, it is i.l;lim(~(l tll~, ilrc c:lll IIIJ
sll[]llrc~ss~~d ill ,1s I ittl(. ,15 1[)() 11~,

it{.}:;lr(ll(.~< 01- ;111 tlll~ .s(11111ist i(.;lt(d switch (lcvrl(lll-
mcnr ~lt NIIIIJI, t hc llrl,;lh(,r l’~~r “I’-lO!1’” i>. t{) 11(, a
simlllc. llllci,m~ll i~.:11 Iy driv[*ll mctill-t[~-mctill 5witc 11. Ihc
dc<i~:ll i< ~,tlvisi(,llc(l ;1s I]:lsi,:l 11). two sid~~l)y-sli(c
h]t,ck$ (1I M,,I,II SII. IIIIICCI Iv :1 l~nr of mtt:ll. l’roll I ~~ms
With tll~~ dt*~i~ll 1~.lilt~~ t[~ tllv Iifcl imc of q~crLltiol\
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(rcquirccl to hc at least lU,00L1 CYCICS) :lnd thu SPCCd
Of OpLT~tlOn (rCl;I[in~ tO LVILTEY tt~ ;lCCCICrlltL! WId

then impact upon stopping moving p:lrts of rhc switch).
Contact metal needs to hate high clcctric:ll condtwtiv-
iL)’, yet must not he so soft that it “hmnnmrs out” Jnd
disturts, Possible carwliclatcs arc Hc-Cu, Cd-[Iu, :Ind
Cr-Cu. ,At present Cr-(k is f;lrorml bcc~usc its conduc-
tivity is 75Z-S5C. that of copper. yet Cr-Cu is quite
hfird. The final selection will depend to a large ex-

tent upon what alloy is av~ilahlu in the Soviet Union

at the time.

Conclusions

Various forms of switches for both normal and
superconducting inductive energy storage have been
devised and dcvclopcd at SIIEF,\. ,At the present time,
however, a major portion of tile efforts of the Insti-
tute in these fields is being ~ppliccl to the design
and construction of coils for tokumak “T-1OM.” Th I-.
supcrconkcting toroidnl field coils (the design of
which is still unccrca in) will be switched by simple
switches mm-lc of Sb-”ri rilllu=n. Thu normal coils for
the poloid:ll field ~:ill !Je switched by a simple metal
contactar hreakcr. As the “T-lUM” project procccds.
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